Although p27 plays a central role in cell cycle regulation, its role in breast cancer prognosis is controversial. Furthermore, the p27 gene CDKN1B carries a polymorphism with unknown functional relevance. This study was designed to evaluate p27 expression and p27 genotyping with respect to early breast cancer prognosis. 279 patients with infiltrating metastasis-free breast cancer were included in this study. p27 expression was determined in tumor tissue specimens from 261 patients by immunohistochemistry. From 108 patients, the CDKN1B genotype was examined by PCR and subsequent direct sequencing. 55.2% of the tumors were considered p27 positive. p27 expression did not correlate with any of the established parameters except for nodal involvement but significantly correlated to prolonged disease-free survival. In 35% of the tumors analyzed, the CDKN1B gene showed a polymorphism at codon 109 (V109G). The V109G polymorphism correlated with greater nodal involvement. In the node-negative subgroup, V109G correlated significantly with a shortened disease-free survival. In conclusion, the determination of the CDKN1B genotype might be a powerful tool for the prognosis of patients with early breast cancer.
Introduction
Aberrant cell cycle control is a hallmark of cancer [1] . The eukaryotic cell cycle is driven by cyclin-dependent kinases (CDKs) and negatively regulated by CDK inhibitors (CKIs) [2] . Abnormal function of CKIs can cause the deregulated proliferative activity frequently seen in tumor cells. The group of CKIs consists of two families, the Ink4 family (p16 Ink4a , p15 Ink4b , p18 Ink4c , p19 Ink4d ) and the Cip/Kip family (p21 Cip1 , p27 Kip1 , p57 Kip2 ). The low-molecular-weight isoform of cyclin E is thought to be one of the most prominent factors overstimulating cell cycle progression in breast cancer [3] . The CKI p27 Kip1 inhibits activation of cyclin E-cdk2 complexes and, therefore, plays a pivotal role in the progression from the G1 to the S phase of the cell cycle [4] . The central role of p27 makes the protein attractive as a target for cancer treatment [5] .
Due to the major features of p27 one would expect that altered p27 expression or p27 mutation will influence the aggressiveness of tumor cells. Accordingly, decreased p27 V109G Polymorphism of the p27 Gene CDKN1B Tumor Biol 2004; 25:306-312 307 expression is implicated in human tumorigenesis and oncogenic progression [4, 6] . Although a p27 mutation is a rare event in cancer, a well-known p27 polymorphism putatively effects p27 function. Consequently, both p27 expression and polymorphism might have an effect on tumor cell behavior. Aberrant tumor cell features, especially those increasing cell growth, proliferation rate or mobility of the tumor cells, influence the prognosis of cancer patients. For node-negative breast cancer patients in particular, there is a need for prognostic parameters that enable clinicians to estimate the risk of recurrence in individual patients as well as to establish an optimized adjuvant therapy in early-stage breast cancer. For example, there are promising results that the determination of the HER-2 protein, measurements of the members of the urokinase plasminogen activator system or low-molecularweight cyclin E may fill this gap [7, 8] . However, it is not yet sufficiently proven that these parameters are the strong prognosticators that are needed [9] . Thus, they have still not been introduced into generally accepted guidelines for early breast cancer treatment [10, 11] .
This study investigates p27 expression concomitant with the p27 polymorphism with respect to the outcome of breast cancer patients.
Materials and Methods

Patients
The study group consisted of 279 patients with infiltrating primary breast carcinomas (T1-4, N0-1) who were treated between 1983 and 1989 at our department. Patients included in the study had to lack evidence of metastases (M0) at the time of diagnosis and underwent either modified mastectomy or tumorectomy with postoperative irradiation of the breast (linear accelerator: 50 Gy with 10-Gy boost to the tumor bed). 102 patients underwent axillary lymph nodectomy with removal of more than 10 nodes to rule out nodal metastatic disease. No adjuvant systemic treatment was administered to node-negative patients (n = 46). Pre-or postmenopausal node-positive patients with negative hormone receptor status received six cycles of a chemotherapy regimen consisting of a combination of either CMF (cyclophosphamide, methotrexate and fluorouracil, 600/ 40/600 mg/m 2 ) or EC (epirubicin and cyclophosphamide, 60/ 600 mg/m 2 ), and postmenopausal node-positive patients with positive hormone receptor status were treated with 20-30 mg tamoxifen for up to 5 years.
Histological classification and grading were based on the WHO criteria and the suggestions by Bloom and Richardson [12] as well as Scarff and Torloni [13] . Tumor staging followed the TNM system of the International Union against Cancer. Regular patient checkups including physical examinations, laboratory tests and imaging procedures were integrated into a standardized follow-up program ranging from 1 to 129 months (median 72 months), in which data were collected from all patients.
p27 Expression Analysis p27 expression was analyzed in routinely processed blocks of formalin-fixed and paraffin-embedded surgical specimens of the primary carcinomas from 261 patients. The 3-to 4-Ìm sections of carcinoma tissues were mounted on 3-aminopropyl-triethoxysilane-covered glass slides. After drying and removal of paraffin with xylene (10 min), the specimens were rehydrated and digested by microwave treatment for 15 min in citrate buffer (10 mM, pH 6.0). The sections were incubated with a mouse monoclonal anti-human p27 antibody (IgG1 subtype, clone 1B4, Novocastra, Newcastle upon Tyne, UK) at 4°C for 24 h in a moist chamber. Non-specific immunoglobulin serum was used as a negative control, replacing the specific primary antibody. A slightly modified three-step avidin-biotin complex was used to detect the antigen-antibody complex. Secondary and tertiary antibodies were incubated at room temperature for 30 min. Between the different incubations, slides were washed with buffer (10 mM Tris-HCl, pH 7.4, 0.9% NaCl). The complexes were visualized using fast-red substrate (BioGenex, San Ramon, Calif., USA) for 10 min. Cell nuclei were counterstained with hematoxylin (2 min). p27 expression was evaluated semiquantitatively, as previously described, yielding an immunoreactive score ranging from 0 to 9 [14] . Tumor samples with an immunoreactive score 6 2 were considered to be positive.
DNA Isolation
Tissue specimens of 108 women were included in the DNA-based analyses, including 90 with known p27 expression status. Genomic DNA was extracted from 5-to 10-Ìm sections of the paraffin-embedded tumor tissues. The slides were stained with hematoxylin-eosin to ensure a tumor cell content 1 80% of all cells. For DNA extraction the sections were transferred into a 1.5-ml beaker. Paraffin was removed by two incubations using 600 Ìl xylene (10 min, 56°C). After centrifugation (60 s, 16,000 g), xylene was removed with subsequent ethanol treatment steps (100%, then 70% ethanol). The deparaffinized tissues were dried and digested overnight with proteinase K (10 mg/ ml) at 56°C. After deactivation of the proteinase K by heating to 70°C for 10 min, the proteins were precipitated with 7.5 M ammonium acetate. After a further centrifugation step, the DNA was precipitated out of the supernatant using 3 M sodium acetate in 70% ethanol. The DNA was then washed in 70% ethanol, dried and stored until the mutation analysis was performed.
Amplification of the CDKN1B Gene
The exons of the CDKN1B gene were amplified in three separate polymerase chain reactions; exon 1 was amplified in two PCRs. The primers used were: exon 1a, forward: 5)-ACCCGGGAGAAAG-ATGTCAAACGTG-3), reverse: 5)-TAGAACTCGGGCAAGCTG-CCCTTCT-3); exon 1b, forward: 5)-AGTACGAGTGGCAAGAG-GTG-3), reverse: 5)-ATTCTATGGTTGGGGAAGGGT-3); exon 2, forward: 5)-GTTTTTTCTAATAAAGATTGTGTGTTC-3), reverse: 5)-GTTTACGTTTGACGTCTTCTGAG-3). Each 50-Ìl PCR was performed with 75 ng genomic DNA, 0.2 mM of each dNTP, 10 pmol of each primer and 2.5 U TaqDNA (Roche Diagnostics, Mannheim, Germany) in PCR buffer (50 mM KCl, 1.5 mM MgCl 2 , 10 mM Tris/HCl, pH 8.3). The PCR reaction conditions consisted of denaturation, 10 min at 94°C, 40 cycles (except exon 2, 34 cycles) of 30 s at 94°C, annealing for 90 s at 58.2°C (exon 1a), 57.4°C (exon 1b) or 55.4°C (exon 2), elongation for 90 s at 72°C and a final extension step at 72°C for 10 min. Amplification of exon 1a results in a 276-base-pair (bp) fragment, exon 1b a 291-bp fragment Schöndorf et al. Receptor positive = ER+/PR-, ER-/PR+, ER+/PR+. Steroid hormone receptor status was considered to be positive when estrogen receptor (ER) and/or progesterone receptor (PR) were positive, and negative when both ER and PR were negative. Lymph nodes were removed in 252 cases. and PCR of exon 2 amplifies a 170-bp amplicon. Before the sequencing procedure, each PCR product was purified using microspin S-300-HR columns (Amersham-Bioscience, Freiburg, Germany). The PCR product was applied to the top of the column and spun at 735 g for 2 min. The purified samples were collected and used immediately for sequencing.
p27 Mutation Analysis
Both strands of each PCR fragment were sequenced directly using the BigDyeTerminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Darmstadt, Germany) as indicated by the manufacturer. In brief, 4 Ìl of PCR product were mixed with 4 Ìl Terminator Ready Reaction Mix and 5 pmol of the corresponding single PCR primer in a final volume of 20 Ìl. Cycle sequencing was performed by denaturation at 96°C for 3 min and 24 cycles of 96°C for 10 s, annealing at the corresponding temperature (see PCR conditions) for 10 s and polymerization at 60°C for 4 min. The sequencing products were precipitated with 2 Ìl 3 M sodium acetate, pH 4.6, and 50 Ìl 95% ethanol. Samples were pelleted (16,000 g, 15 min), washed in 70% ethanol and pelleted again. Dried samples were resuspended in 25 Ìl template suppression reagent, denatured at 95°C for 1 min and placed on ice until sequence analysis. The sequence was detected on an automated Genetic Analyzer ABI 310 (Applied Biosystems). The sample was applied to a 47-cm capillary, 50 Ìm in diameter, filled with POP-6 polymer. The capillary was loaded with the sample for 30 s at 2.0 kV and each analysis run for 28 min at 13.8 kV (exon 1a, 1b) or for 24 min at 13.6 kV (exon 2). All sequencing data were analyzed by comparative alignments using the Sequence Navigator software (Applied Biosystems).
Statistics
Statistical analyses were performed using SPSS 10.0 (Statistical Package for the Social Sciences, Munich, Germany). The ¯2 test was used for univariate comparison of the data. Follow-up data were analyzed using the log-rank test (Kaplan-Meier survival analysis). Multivariate analyses were based on the Cox proportional hazards model and calculated relative risks. An association between features was classified as statistically significant when the p value was ^0.05.
Results
Expression Analysis
The p27 protein was detected in the nuclei of tumor cells. The staining pattern in tumors was heterogeneous, revealing a mixture of positive and negative cells. Non- diseased lobular or ductal epithelia found in the periphery did not express detectable amounts. 144 out of the 261 specimens investigated (55.2%) were considered p27 Kip1 positive. Intracytoplasmic reactions were very rare (7 cases, 2.7%). They were seen in the p27-positive subgroup (3 specimens) and very slightly in the subgroup without nuclear p27 staining (4 specimens). Table 1 summarizes the clinical and morphological data of the study group. The study group showed the expected distribution of the measured parameters. Between p27 Kip1 and the parameters studied, only for nodal involvement a significant correlation was found (p ! 0.05). In univariate analysis, a correlation between p27 Kip1 expression and patients with a positive nodal status was observed. Figure 1 displays the relation of p27 Kip1 expression with the disease-free survival of the patients. A better clinical outcome correlates significantly with p27 Kip1 -positive tumors.
Mutation
The coding sequence of the CDKN1B gene was successfully analyzed in all 108 specimens investigated. In 70 tissue specimens (65%), DNA analysis revealed the wildtype sequence according to GenBank Accession No. NM004064. In 38 cases (35%), a point mutation at codon 109 (GTC → GGC) was detected. The mutation results in a substitution of valine to glycine of the deduced amino acid sequence (V109G). In 9 of the 38 specimens (24%), the base pair substitution was homozygous. In 1 case, an additional base pair substitution occurred in codon 142, ACG → ACA. This mutation does not change the amino acid coded and was therefore not further analyzed. Table 2 summarizes the distribution of the CDKN1B mutation with respect to standard clinical parameters and p27 expression. In patients carrying the V109G genotype, the number of lymph nodes involved was increased. There was no statistically significant correlation between the V109G genotype and disease-free survival (not shown). A further subdivision into heterozygous and homozygous mutations does not provide additional information (data not shown). The wild-type genotype showed a significantly favorable outcome for disease-free survival in the node-negative subgroup ( fig. 2 ). There were no further statistically significant correlations in the node-positive subgroup or the entire study group (data not shown). In multivariate analysis, neither p27 expression nor the CDKN1B genotype was a statistically independent parameter. Receptor positive = ER+/PR-, ER-/PR+, ER+/PR+, n = 106. Steroid hormone receptor status was considered to be positive when estrogen receptor (ER) and/or progesterone receptor (PR) were positive, and negative when both ER and PR were negative. Steroid hormone receptor status was known from 106 specimens, p27 kip1 expression in 90 cases. Lymph nodes were removed in 102 cases.
Discussion
It is well established that decreased p27 expression is a significant predictor of a poor outcome [15] [16] [17] [18] . Accordingly, p27 positivity correlates to a better outcome [19] . However, in more recent investigations, p27 expression was not a significant prognosticator in multivariate analysis [14, [20] [21] [22] . In our study, p27 expression is significantly correlated to a favorable outcome, but lacks statistical significance in multivariate analysis. These data are in line with earlier reports showing that p27 plays a crucial role in the biology of tumors. However, p27 determination is not routinely used in the clinical setting [8, 23, 24] . In our study p27 expression correlates with lymph node metastases, intrinsically indicating a worse outcome. The phenomenon we observed remains to be elucidated. Perhaps tumor cells beginning to spread from their regular environment respond with an increase in p27 expression and consequent reduction in their proliferation rate.
The V109G polymorphism of the CDKN1B gene was first described in 1995 [25] . The polymorphism was found in 11-26% of cancer patients, but also in approximately 39% of healthy individuals [26] and in non-malignant cells of cancer tissue specimens [27] . Unlike in advanced prostate carcinoma where it is associated with an increased risk [28] , the p27/V109G phenotype was considered to be unrelated to breast cancer development [25, 26] . To our knowledge, we present here the first report studying p27 expression concomitant with CDKN1B polymorphism with respect to outcome in breast cancer patients. The p27 genotype is not related to p27 expression, i.e. p27 expression is independent of the Fig. 2 . Kaplan-Meier curves for disease-free survival (event = relapse) with respect to p27 kip1 mutation in the node-negative subgroup (n = 46). V109G polymorphism. In the node-negative subgroup, the V109G polymorphism indicates a significantly shortened disease-free survival of the patients. Due to its occurrence in non-malignant tissues, it is generally accepted that the polymorphism does not functionally impair p27 [26] . However, it is tempting to speculate the existence of a cofactor that distinguishes between wildtype p27 and p27 with the V109G mutation (p27/V109G) in breast cancer cells. This cofactor might be involved in nuclear export -or degradation -mechanisms and, as a consequence, affects the regulation of p27/V109G. It is well known that increased degradation of p27 leads to a deregulated cell cycle [29, 30] . Cellular degradation systems might favor degradation of p27/V109G over wildtype p27. The physical connection of p27 to the Jun activation domain binding protein 1 (JAB1) triggers the proteolytic p27 degradation [29, 31] . The Jun-binding site is located between amino acids 97 and 151 of the p27 protein, thus including the polymorphic site. Moreover, p27/ V109G might be the favored target for protein-kinase-Bmediated phosphorylation. p27 phosphorylation attenuates or prevents p27-mediated growth arrest [32] [33] [34] .
Our data indicate that p27/V109G might be a prognostic indicator for disease-free survival in node-negative breast cancer patients. The data are in line with the observation that in the entire study group the polymorphism correlates with nodal spreading of the tumor cells. The node-negative patients in our study did not receive any adjuvant therapy, thus excluding chemotherapy as the cause of the effect observed. In clinical practice, further studies are underway to determine factors that might help to distinguish between patients with an unfavorable prognosis, hereupon needing more intensified systemic treatment, and patients with a more favorable prognosis, for whom chemo-or hormonal therapy could be applied at a lower dosage or even avoided. At present, a large number of patients with node-negative breast tumors are treated improperly, while patients who need more aggressive treatment cannot be precisely identified.
In conclusion, although our results need to be verified in a larger patient cohorts, V109G determination might be a powerful tool to assist in the decision of an appropriate regimen applicable in the treatment of node-negative breast cancer patients.
